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Following the intravenous injection of concentrated, antipneumococ- 
cus horse serum, there frequently occurs a systemic reaction of varying 
intensity and widespread effects.  This comes on usually in from 30 
to  60  minutes after the injection and begins  almost  always with a 
chill which  is accompanied and followed by an elevation of temperature. 
The temperature rise covers a period of several hours,  This reaction 
is  quite  distinct  from  an  immediate  anaphylactic  effect and  from 
delayed serum sickness.  It is not peculiar to antipneumococcus serum 
since  a  similar  reaction  may  occur  from  intravenous  injection  of 
whole blood,  vaccines,  various proteins and  split  protein products, 
nucleins, and such substances as salt, sugar, colloidal metals and even 
distilled water  (1).  The nature of the substance producing the re- 
action is not known, nor is the mechanism through which the effects 
are brought about, understood. 
The favorable clinical results of non-specific protein therapy seem 
to be associated with the occurrence of the reaction,  although it is 
impossible to state what particular  changes induced are responsible 
for the beneficial effects.  Whether in the use of a specific serum such 
as  antipneumococcic serum,  this  common reaction  is  of additional 
value, is not so clear, since there is no satisfactory statistical or other 
evidence bearing on this point.  Certainly in  animals,  the presence 
or absence of the chill-producing factor has no relationship to the pro- 
tective power of the serum.  It is  Considered by many to be a  dis- 
tinct disadvantage, on account of the additional strain an unusually 
high  temperature,  delirium  and  associated  symptoms,  may  cause. 
This feeling is responsible for some limitation of a more general em- 
ployment of the serum therapy. 
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The present communication describes a test method for determining 
the  presence  or  absence  of  a  chill-producing  factor  in  antipneumo- 
coccus serum  (2),  a  study dealing with the effect of drugs on the re- 
action, and with the origin and some of the properties of the causative 
agent. 
Test Method 
In the first experiments, it was found that serum which had produced 
a  typical  reaction  in  a  patient,  produced  a  corresponding  reaction 
when injected into the jugular vein of a  dog.  On the other hand,  a 
serum which had failed to give a  reaction in a  patient,  also failed to 
give one in a dog.  Following these initial experiments, a  considerable 
number of serums, which had been or subsequently were used in the 
pneumonia wards at Harlem Hospital, were tested.  The experimental 
results were in  striking agreement with the  clinical ones. 
The procedure in the animal test is as follows:  The dogs selected are of the short- 
haired variety, of a weight between 5 and 10 kilos; the temperature is taken by 
rectum before and at 20 minute intervals after the serum injection,  the thermome- 
ter being inserted the same distance for each reading; the serum is injected into 
the jugular vein, no local anesthesia or operative exposure being necessary. 
The criterion of a positive reaction is a rise of temperature of 1.5°F. or more, 
occurring within 60 to 75 mlnutes, and maintained about an hour.  A chill may 
or may not be present, apparently unrelated to the degree of temperature elevation. 
In a typical, strong reaction, there is first a definite chill, coming on within half an 
hour after the injection;  the rise in temperature is observed about  10 minutes 
later, and reaches a maximum of 2°F. or more in about 15 minutes.  The dose of 
the serum required to produce a positive reaction varies from 1 to 10 co., practi- 
cally the same as that required in patients.  The occurrence and  duration of a 
chill in the dog were found to be variable, so that the hyperpyrexia within 60 to 75 
m~nutes  was  taken  as  the  more reliable  criterion.  It was  observed  in  many 
instances that whereas a small dose of serum would produce only a rise of tempera- 
ture, a larger dose would result in both a chill and rise of temperature. 
It should be pointed out that especial care must be taken to secure 
a  proper test animal, since many dogs xpparenfly suitable fail to give 
the expected response.  Any dog that fails to respond to an established 
minimal  effective dose  of  a  known  chill-producing  serum  should  be 
discarded.  Further if the dog reacts positively to a  serum he is then 
given  a  serum  known  not  to  produce  a  chill  in  a  patient;  with  no 
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To determine whether the same test animal could be used repeatedly, 
the initial effective dose of a  serum that was known to give chills in 
patients, was injected daily or every other day.  One dog failed to 
respond with the sixth injection of a  dose to which he previously re- 
sponded with a chill and hyperpyrexia; when twice the dose was injected 
he again reacted.  In another dog using a different serum, no tolerance 
was observed after ten injections.  In  the dogs that were used for 
routine  testing,  no  appreciable  tolerance was noticed after 5-7  in- 
jections; several dogs were used as many as 12-15  times.  However 
when a  dog has been used several times,  it is  advisable to  control 
subsequent tests with a  known serum.  If the interval between in- 
jections was greater than 2 days, some dogs would develop immediate 
anaphylactic symptoms when they were subsequently used for testing; 
the shortest interval was 2 days.  The anaphylactic symptoms con- 
sisted of collapse and  marked  gastrointestinal  irritation,  shown by 
retching, vomiting, and diarrhea.  They came on immediately after 
injection and lasted from 2-20 minutes.  If the serum used for the test 
contained the chill-producing factor, both the immediate anaphylactic 
and the delayed "chill" reactions could be observed;  after  the ana- 
phylactic reaction, the chill-producing factor acted as it did originally. 
The two mechanisms are therefore quite distinct. 
Table I gives a comparison of animal tests with clinical effects from 
twenty-five serums, some prepared by "Dr. Banzhaf of the New York 
City Health Department and some by Dr. Felton. 
The striking agreement seen in Table I indicates that the test shows 
not only the presence or absence of the chill-producing factor, but also 
that  the  result  may be  transferred  directly to  human  beings.  It 
may be observed, however, that patients are more sensitive than dogs. 
One serum producing no reaction in a  dog, when tested on patients 
in the same dose produced a mild reaction in some and none in others; 
a  similar result was obtained with a  serum that gave a rise of only 
I°F. in dogs.  When a  serum produces only a rise of temperature in 
a dog, the effect of the same dose in the patient is usually both chill 
and pyrexia.  It was observed, however, that a  serum which gave a 
properly  controlled  positive  reaction  in  dogs,  invariably  produced 
chills in patients.  In any case where a "borderline" result is obtained 
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TABLE  I 
Comparison  of Animal  Tests  wi~h  Clinical  Effects 
Serum 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
Dose 
1 
5 
5 
10 
4 
4 
5 
4 
5 
10 
5 
5 
9 
5 
9 
10 
10 
10 
5 
10 
10 
9 
10 
10 
10 
10 
9 
10 
Reaction in dogs  Reaction in patients 
Effect  Dos  Effect 
+2.2°F. 
Severe chill;  +3.5°F. 
None 
¢4 
Marked chill; +3.3°F. 
Chill;  +1.5°F. 
"  +l.8°F. 
"  +2.0°F. 
None 
Chin;  + 1.6°F. 
None 
Chili;  +1.8°F. 
None 
cc 
+1.0°F. 
+2.8°F. 
+2.7°F. 
+1.9°F. 
Chill;  +2.2°F. 
Slight chill;  +2. I°F. 
"  "  +2. I°F. 
Chill;  +2.0°F. 
+2.0°F. 
None 
Slight chill;  +1.7°F. 
+1.0°F. 
None 
3  +l.2°F. 
5  Chill;  +2.0°F. 
10  None 
5  No change 
10  +1.0*F. 
CG. 
2  Definite chill 
10  No chill 
4  Marked chill 
5  Chill 
5  " 
5 
5  No chill 
10  "  " 
20  "  " 
5  Chill 
10  " 
10  No chill 
10  Mild  " 
10  Chill 
10  " 
5 
10 
10  " 
10  " 
10  " 
10  No chill 
10  Chill 
10  Mild chill 
10  "  "  in one; no chill in 
another 
5  Marked chill 
10  No chill 
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Effect of Drugs 
The effect of drugs on this reaction was studied both in man* and 
dogs.  The purpose of this study was first,  to find a method of con- 
trolling the reaction and secondly, to obtain information on the mode 
of action of the chill factor from the known action of the drugs which 
modified it. 
Adrenalin.IA routine treatment in certain hospitals has been the ad- 
ministration of 0.6 cc. of a 1:1000 solution of adrenalin subcutaneously. 
This practice was apparently based on the assumption that the serum 
reaction was anaphylactoid.  The efficacy of adrenalin was never ap- 
parent, however, since the chill is self-limited regardless of treatment, 
and pyrexia always occurred.  To determine whether or not adrenalin 
had  any beneficial effect on the  course of the  chill  or pyrexia,  four 
patients were injected with the same dose of a  chill-producing serum; 
two were untreated and two received adrenalin when the chill began. 
The rectal temperature was recorded every minute by  an automatic 
electric recorder and  the blood pressure was taken  every 5 minutes. 
The data are presented in the accompanying charts (1 and 2). 
While the injection of a  non-chill-producing  serum is not followed 
by any appreciable blood pressure or temperature changes, immediately 
following the chill-producing serum injection there is a fall in both the 
systolic and diastolic pressures.  These return to normal within 2 min- 
utes,t and the pressure then remains approximately level until the onset 
of the chill, when both the systolic and diastolic pressures rise to a maxi- 
mum, maintained as long as the chill lasts.  The abatement of the chill 
and the return of the pressure to normal  occur practically simultane- 
ously.  The temperature begins to rise about 10 minutes after the onset 
of the chill and reaches a maximum about the time the chill stops.  Fol- 
* These and other clinical  studies made by us were carried out in the Pneumonia 
Division at  Harlem Hospital,  through  the  courtesy of  Dr.  J.  G.  M.  BuUowa, 
Director.  The observations recorded were on patients given the serum for its 
effects as a therapeutic agent. 
t This initial fall in blood pressure apparently is not due to venepuncture since 
the pressure taken during venepuncture for withdrawal of blood showed no such 
fall.  This initial  fall occurred most frequently following the injection of chill- 
producing  serums and  only  occasionally after  the injection  of a  reaction-free 
serum. I  ~0. 
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lowing the administration of adrenalin after the blood pressure  has 
apparently reached its maximal level, a further rise is observed.  The 
course was otherwise not perceptibly different in  the patients  who 
received adrenalin, except that the chill seemed to have lasted longer. 
Similar results obtained with other patients indicate that adrenalin 
is without any beneficial effect in the treatment of this reaction. 
Amyl ltitrite.--The coincidence of the rise and fall of blood pressure 
with the onset and abatement of the chill suggested the use of blood 
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pressure depressing drugs.  Two patients were given an intravenous 
injection of a  similar dose of the same serum that was used in  the 
tests  with  adrenalin;  the temperature and  blood  pressure were re- 
corded as before.  As soon as the patients began shivering and the 
blood pressure rose, amyl nitrite was administered by inhalation for 
10-20  seconds.  The  shivering stopped  and  the blood  pressure  fell 
for about a minute and then returned to its previous level; amyl ni- 
trite was then again administered with a similar effect; it was applied 346  CHILL-PRODUCING  PRINCIPLE  IN  SERUM 
in  this  manner  four  times,  after  which  shivering  stopped  and  the 
blood pressure gradually fell and remained below normal.  (See Chart 
3.)  It was thus possible to break each beginning paroxysm by amyl 
nitrite, and to shorten the usual duration of the chill from 25 minutes 
in untreated patients and 30-35 minutes in adrenalin-treated  patients 
to about 5 minutes.  Amyl nitrite had no effect,  on the rise of tempera- 
ture.  These observations were repeated on other patients.  Follow- 
ing this, amyl nitrite was administered as routine to all patients with 
a chill, and it was found to be of distinct benefit in mild and moderately 
severe chills, whereas markedly severe reactions were apparently not 
benefited, for even though the shivering would temporarily stop after 
amyl nitrite  inhalation,  it would immediately resume and  continue, 
and  the repeated inhalations  would leave the patient  with  a  severe 
headache.  When no effect was evident after  5-10  inhalations  at  ½ 
minute  intervals,  it  was  deemed  advisable  to  discontinue  further 
application. 
When amyl nitrite was administered  to a  dog with a  chill,  it was 
usually possible to check it within 1-2 minutes; the rise of temperature 
was not prevented. 
Antipyretics.--Acetphenetidin,  0.5  gin.  given  45  minutes  before 
the serum injections,  and 0.15 gm.  at half hour  intervals  afterward 
prevented  the  reaction  in  a  dog.  In a  patient,  however,  1 gin.  in 
divided doses over a  period of an hour and a  half had no effect. 
In  two  patients  who  received  acetylsalicylic  acid,  0.6  gin.  in  1 
ounce of whiskey, with external warmth  to promote sweating,  there 
was no chill and a markedly lessened temperature rise from a  serum 
which gave typical reactions in untreated  patients. 
Opium and Morphine.--Patients  given  Dover's  powder,  0.6  gm. 
10 minutes before the serum injection  had  no chill  and  a  negligible 
rise  in  temperature,  whereas in  untreated  patients  the  same  serum 
induced a  typical reaction.  In cases where a  serum known to cause 
a very severe reaction was used, Dover's powder seemed to ameliorate 
but not prevent the symptoms. 
In  dog experiments morphine  sulfate given subcutaneously about 
half an hour before the serum produced the following results:  with a 
dose of 3  rag.  per kilo,  there was no  chill  and  the  temperature  fell 
instead of rising; with 1 mg. per kilo there was no chill and the tern- ALBERT  B. SABIN AND  GEORGE  B. WALLACE  347 
perature showed neither rise nor fall; with 0.5 mg. per kilo the serum 
caused both chill and a  rise of temperature.  These results,  which 
were carefully controlled ones, are shown in Chart 4. 
These morphine experiments have  not  been  repeated  on  human 
beings and consequently the effective dose here is unknown. 
The practical  conclusion from these experiments is  that  the chill 
but not the temperature rise may be checked by amyl nitrite in mild 
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and moderately severe,  but not in  the more severe cases;  the chill 
may be prevented and the temperature rise made negligible by acetyl- 
salicylic acid and whiskey, and by opium in all except the most severe 
cases. 
When  one  considers  the  multiplicity of  widespread  effects  that 
accompany the reaction,--the chill, pyrexia, blood pressure changes, 
leucocytosis, metabolic changes, etc.--it is hard to escape the belief 348  CHILL-PRODUCING PRINCIPLE IN SEI~U3K 
that  there  is  a  disturbance  of  some  coordinating  central  nervous 
mechanism.  The fact that adrenalin may prolong  the chill and amyl 
nitrite check it, whereas neither affects the temperature rise, and that 
a  typical temperature  rise  can occur without a  chill,  makes it seem 
that  the  chill  is a  result of a  vasomotor disturbance  and is distinct 
from the temperature change.  The temperature rise which is lessened 
by antipyretics and opium would appear  to be due to a  disturbance 
of the cerebral heat-regulative mechanism.  It is impossible at present, 
however, to sharply define the areas involved. 
Occurrence of the Chill-Producing Principle 
Itaerologous  and  Homologous Serums.--It  may  be  stated  at  the 
outset that the chill-producing activity of horse serum, when injected 
into human beings or dogs, is not dependent on the fact that a foreign 
serum is employed.  There  are many  recorded observations of chill 
reaction following the transfusion of homologous matched bloods, and 
also occurring  in  autoserotherapy  and  convalescent  serum  therapy. 
We have ourselves many experiments in which dog serum or defibri- 
hated blood injected into dogs produced a  typical reaction, in dosage 
corresponding to that of effective horse serum. 
Inconstancy  o/Occurrence.--The  occurrence  of  the  chill  factor  in 
serum is not a  constant phenomenon and different serums  which do 
contain it vary markedly in their content.  In the treatment of pneu- 
monia with large doses of unrefined antipneumococcus serum, it was 
observed that  the  chill  reactions  did not occur with  all serums  (3). 
We have examined  a  number of antipneumococcus horse serums by 
means of the dog test and found that whereas 20 cc. of one serum was 
sufficient to produce  a  marked  reaction,  60  cc.  of another  gave  no 
reaction.  Further we have found that normal horse  serums behave 
similarly, some samples giving a reaction in 40 cc. dosage, and others 
no reaction in 65 cc.  Finally in examining dog serums we have found 
the  same  vaziability,  some  giving  a  positive  reaction  with  40  cc., 
others giving no reaction with  100  cc. 
Absence in Fresh Blood.--If blood from a dog whose serum is shown 
to give a positive reaction is injected immediately on drawing  into a 
test dog, no reaction occurs.  The  foIlowing experiment  is evidence 
for this:  the bloods of the dogs selected showed no cross agglutination; ALBERT  B.  SABINAND  GEORGE  B. WALLACE  349 
the donor weighed 20 kilos, the recipient was a small fox terrier, weigh- 
ing  7 kilos,  and  selected according to  criteria previously described. 
45 cc. of the donor's serum gave a positive reaction on three occasions 
before this experiment.  The dogs were placed next each  other and 
blood taken from the donor in 20  cc. amounts was  immediately in- 
jected into a  vein of the recipient, less than a minute being required 
for each injection.  A  total  of 80  cc.  was  injected in  this manner. 
The recipient dog had no reaction  from  this  injection.  Subsequent 
injections of defibrinated whole blood and of citrated plasma from the 
same donor into the same recipient gave definitely positive reactions 
(Table II). 
Effect of/~efine~n~nt.--As  has been pointed out,  large amounts  of 
unrefined pneumococcus horse serum do not always produce a  chill 
reaction.  When different lots of antipneumococcus serum or plasma 
are refined and concentrated by a  uniform procedure, the  resulting 
preparations, containing the total water-insoluble globulin, also vary 
in regard to their chill-producing properties, some giving reactions in 
doses of 1-10 cc., others being reaction-free in from 20-30 cc. amounts. 
To determine what part the procedure of refinement played in this 
variability,  comparisons were made  of serums before and  after  re- 
finement.  Eight different lots of antipneumococcus serum and plasma 
(each lot containing more than one bleeding from the same horse or 
the bleedings  from more than one horse)  and  the refined and  con- 
centrated globulin  solutions  prepared  from  them* were tested for 
the  content  of  chill-producing  principle.  The  results  are  given  in 
Table III. 
It may be seen from the table that the chill-producing activity of 
the different lots  of original serum varied considerably; whereas 20 
cc. of one serum was sufficient to produce a marked reaction, 60  cc. 
of another serum gave no reaction.  It may also be observed that the 
dose of concentrated solution required to give a  positive reaction is 
roughly  proportional  to  the  chill-producing  activity  of  the  serum 
from which it was prepared.  From these results it may be concluded 
(1) that the chill-producing principle was present in the original serum 
and not developed during the process of preparation,  (2)  that it was 
* These were  prepared by Dr. Banzhaf, using the ~mmoniura  or sodium sulfate 
method of separation.  Proc.  So~. Exp. Biol. and Med., 1925, 22,329. TABLE  II 
Effect of Dog's Serum, Defibrinated Blood, Citrated Plasma and Fresh Whole Blood 
Time 
10:44a.m. 
10:49-53 
11:02 
11:18 
11:20 
11:35 
11:41 
11:50 a.m. 
11:55-58 
12:15 p.m. 
12:28 
12:38 
12:52 
1:11 
3:45 
2:30 p.m. 
2:32-36 
2:50 
2:55 
3:12 
3:38 
Dec. 26, 1929  .Inn. 1, 1930 
Tmo.I 
°F.  t 
102.51 
t02.51 
t02.91 
t05.01 
50 cc. serum from blood 
drawn  on  Dec.  24 
injected  intrave- 
nously 
Shivering begins 
"  continues 
"  stops 
Time  I Temp.[ 
I  *F°I 
1:00 p.m.  !102.71 
1 : 05-08 
1:25  102.6] 
1:30 
1:38  103.4[ 
1:50 
2:05  105.3[ 
45 cc. serum from blood 
drawn on Dec. 31 in- 
jected intravenously 
Shivering begins 
"  continues 
"  stops 
Jan. 3, 1930  Jan. 4, 1930 
103.1 
80 cc. whole blood in- 
jected intravenously 
immediately on 
withdrawal 
10:30 a.m. 102.9 
10:34-37 
10:53  102.7 
11:00 
11:15  104.1 
11:35  105.5 
80  cc.  blood  defibrin- 
ated with glass beads 
filtered  injected  in- 
travenously within 15 
rain. of withdrawal 
Shivering begins 
"  stops 
No shivering 
Jan. 6, 1930  Jan. 7, 1930 
12:30 p.m.  102.5 i 
103.3 
103.5 
103.3 
103.5 
103.2 
102.8 
12:40-44 
1:01  101.6 i 
1:18  102.4 
1:33  102.4 i 
1:57  102.4] 
50 cc. 3 per cent sodium 
citrate  injected  in- 
travenously.  Im- 
mediate  rigor,  last- 
ing 2 minutes 
No shivering 
103.2i 
[ 50 cc.  citrated  plasma 
'  injected  intrave- 
nously.  Immediate 
rigor, lasting  2  min- 
utes 
103.1 [ 
t 
Shivering begins 
105.21  "  stops 
lO6.Ol 
The same donor and recipient dogs were used in this series of experiments.  In 
the experiment of Jan. 3,  the 80  cc. whole blood was drawn from the donor and 
injected into the recipient in 20 cc. lots.  In the experiment of Jan. 6, the blood 
from the donor was received in four centrifuged tubes,  coated with paraff-m,  each 
tube containing 2  cc. of 30 per cent sodium citrate.  The tubes were then centri- 
fuged and 50 cc. of plasma obtained for injection into the recipient. 
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concentrated with the water-insoluble globulin (soluble at 30 per cent 
saturation of (NI-I4)2SO, and 12 per cent Na2SO4; insoluble at 50 per 
cent saturation (NI'I4)2SO4 and 20 per cent Na~SO~), and  (3)  that it 
may be possible  to  predict the chill-producing activity of the total 
water-insoluble globulin fraction from the original serum. 
Effect of Immunization.--During the process of immunization large 
amounts of dead bacteria are injected into the horses and products 
of these might be considered as a  possible source of chill-producing 
activity.  The fact that the horses are not bled till at least a  week 
after the last immunization treatment, and that the horses being im- 
mune,  the  bacterial  products  are  more  rapidly  destroyed,  renders 
this possibility improbable.  However, to determine this point posi- 
tively, it would be necessary to test the serum of the same horse before 
and after the injection of bacteria.  Since facilities for carrying out 
such a  test were not available, the serums (without preservative) of 
six normal horses were studied instead.  It was found that normal 
horse  serum may give  a  (positive)  chill  reaction  indistinguishable 
from that produced by antipneumococcus serum, the minimal effective 
dose  varying  from 40 cc.-90 cc.  From these data  it may be  con- 
cluded that the immunization treatment is not necessary to  render 
a  serum chill-producing.  It is impossible to state whether or not it 
affects the minimal effective dose for a  chill-reaction, but since the 
variation in normal serums is considerable, it would seem that other 
factors, at present unknown, influence the chill-producing activity of 
a  serum to a greater degree. 
Nature of Chill-Producing Principle 
Toxic Substances in Blood.--When fresh, defibrillated, homologous 
blood is injected into rabbits or cats, severe poisoning ensues.  The 
mechanism of this has been studied by Freund (4).  If the blood is 
injected within a few minutes after drawing, death results, in rabbits 
through cardiac paralysis, in cats through respiratory stoppage.  If 
defibrinated rabbits'  blood is allowed to stand for 15 minutes before 
injecting, it is much less toxic, and after 24 hours, it has no appreciable 
action.  Freund believes that these different effects are  due to two 
sets of substances, "early" poisons which lose their activity in a short 
time, and are replaced by "late" poisons, which are much less intense ALBERT  B.  SABINAND  GEORGE  B. WALLACE  353 
in their action, and lose their effectiveness in 24 hours.  These poisons 
according to  Freund arise  from the destruction of blood  cells  and 
especially of blood platelets. 
The chili principle appears to be different from the poisons described 
by Freund.  In our experiments described above, dogs' blood injected 
immediately after withdrawal  failed  to  produce the  chill  reaction. 
On the other hand dog serum injected at intervals from 15 minutes 
to  7  days after drawing, gave the reaction.  In  those cases where 
defibrinated dog blood failed to give the reaction, the serum, citrated 
plasma,  and physiological salt solution extracts of the clot, ground 
up with sand also were negative.  That the negative serum contained 
no antagonistic substance is shown by the fact that it failed to inhibit 
a  positive reaction when mixed with a  chill-producing serum before 
injection.  It would appear  from  these experiments that  the  chill- 
producing principle is not always present in blood but may be formed 
when the drawn blood is allowed to stand. 
Starling (5) and others have shown that freshly defibrinated blood 
exerts a strong vasoconstricting action on the kidney and liver vessels. 
Bodo and Marks (6) have shown that this action can be removed by 
perfusing the defibrinated blood through the lung for 20-30 minutes. 
Through the kindness of Dr. Bodo, dog's blood known to give a posi- 
tive reaction, was perfused through the dog's own lungs for a period 
of more than 45 minutes and subsequently tested.  The chill reaction 
following the injection of the perfused blood did not differ from that 
produced by the original defibrinated blood.  It may be concluded 
therefore that the vasoconstrictor substance mentioned plays no es- 
sential part in the chill reaction. 
Effect of Anticoagulants.--Studies  by Loucks and Scott (7)  on the 
effect  of different anticoagulants showed that citrate not only prevented 
the fall in surface tension which is usually observed in shed blood but 
actually raised it.  Strong solutions of sodium citrate  (3  per cent) 
are known to prevent to a great extent the disruption of white cells 
and platelets which occurs in drawn blood.  This suggests that citrate 
prevents  at  least  some of  the  changes which occur in  blood after 
shedding.  The following experiment indicates, however, that sodium 
citrate is without effect in inhibiting the changes which are respon- 
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was  drawn  into paraffined centrifuge tubes  containing sufficient 30 
per cent sodium citrate  to make the final concentration 3  per cent. 
The blood cells were centifuged and  the clear plasma was injected. 
Following the injection an immediate rigor occurred,  rendering the 
dog  entirely  stiff  for  2  minutes;  the  typical  chill  and  temperature 
reaction was not prevented.  To show what part  the  citrate  per  se 
played in the entire reaction,  50  cc. of 3 per cent sodium citrate in 
physiological saline was injected into the same dog the following day. 
The rigor again occurred immediately after injection, but there was 
no chill or rise of temperature.  (See Table II.) 
Similarly, the effect of sodium fluoride was studied on account of 
its property of preventing certain enzymatic changes in drawn blood. 
Blood was mixed with sodium fluoride (300 rag./100 cc.), the cells were 
centrifuged, and then sufficient calcium chloride added to precipitate 
the  excess  of  fluoride.  The  plasma  either  clotted,  or  a  fibrin-like 
precipitate formed.  The serum which separated was used for testing; 
no  appreciable  difference  was  observed  between  the  reaction  pro- 
duced by  this  serum and  that obtained by defibrination with glass 
beads. 
It is thus evident, that whatever the nature of  the" chill-producing 
principle in dog blood, it is formed in the blood regardless of whether 
or not coagulation takes place and is not affected by sodium citrate 
or sodium fluoride in the quantities used. 
Effect of Filtration.--Drinker  and Brittingham (8) investigated the 
reactions which followed the  transfusion  of  human  citrated  blood. 
Their criterion of a positive reaction was a rise of temperature of 2.5°F. 
in the patient.  They concluded that although serum was toxic, citrated 
(1-2  per cent) plasma which was thoroughly freed from cellular con- 
stituents,  either by rapid  centrifugation  or  Berkefeld  filtration was 
reaction-free,  and  that  the  reactions  following  the  transfusion  of 
human citrated blood were related to the changes which the sodium 
citrate produced in the red blood cells, promoting hemolysis, and to 
changes in the plates, part of the process of coagulation.  In our own 
experiments the injection of centrifuged or Berkefeld filtered citrated 
plasma  still  gave  positive  reactions.  These  results  taken  together 
with the known preserving property of sodium citrate seem to indicate 
that the principle we are dealing with is not of cellular origin. ALBERT  B.  SABIN  AND  GEORGE  B.  WALLACE  355 
Effect of Heat.--Zinsser  (9) showed that the principle in goat serum 
whichis toxic for rabbitsis destroyed by heating at 56°C. for 30 minutes. 
The toxicity of the globulin fraction of guinea pig serum for guinea 
pigs (Bordet (10)) is unimpaired when heated to 60°C., but is destroyed 
by heating at  70°C.  for 30 minutes (11).  That  the chill factor in 
antipneumococcic serum is not destroyed by heating at 56°C. for at 
least an hour is evident from the fact that this procedure, commonly 
used before the refinement and concentration of the serum, is without 
effect.  Temperatures higher than 60°C. not only destroy the antibody, 
but also cause coagulation of the proteins (the concentrated globulin 
preparations coagulate more readily than the original serum).  Dr. 
Faik (12) has evaporated antibody solutions to dryness in vacuo at a 
temperature under 40°C. with a  subsequent heating to  80°C. for  1 
hour and 90°C. for 30 minutes without any appreciable effect on the 
antibody content; our tests on Dr.  Falk's preparations showed that 
the chill-producing activity was not destroyed.  It appears then ~hat 
heating serum at 56°C. for 1 hour, or heating the evaporated serum 
at 80°C. for 1 hour does not destroy the chill principle. 
Effect  of  Dialysis.--In  the  preparation  of  refined pneumococcus 
antibody,  the  total  water-insoluble fraction is  sometimes obtained 
by dialyzing the serum against running tap water for several days; 
this does not appear to  affect the chill-producing properties of the 
preparation.  Our tests on globulin solution, which Dr. Banzhaf sub- 
jected to pressure dialysis against running tap water or distilled water 
for many days, showed no appreciable influence of this procedure on 
the chill-producing principle. 
Effect of Desiccation in Vacuo.--Dr. Falk has developed a technique 
for desiccating pneumococcus  antibody solutions in vacuo at a tempera- 
ture below 40°C.  In the course of tests for chill-producing properties 
of solutions prepared for us by Dr.  Falk,  the interesting observation 
was made that an antibody solution which originally gave neither chill 
nor  temperature rise in a  certain dose, produced a  positive reaction 
in the same dose after desiccation.  Further, it was noted that this 
apparently newly acquired property is associated to a greater extent 
with the acid than with the alkaline globulin fraction.*  The data 
* The nature of the fractions is described ]ater on in this paper. 356  CHILL-PRODUCING  PRINCIPLE  IN  SERUM 
are shown in Table IV.  That a simple procedure like desiccation in 
vacuo is capable of endowing certain protein solutions with the prop- 
erty of producing chills and pyrexia, and probably the other associated 
systemic changes as well, is of great physiologic interest. 
Relation to Fibrinogen.--Kyes (13) believes that the chiU-producing 
activity of fowl serum is due to residual fibrinogen.  The observation 
that plasma is no more active than serum, that certain plasmas and 
serums may be injected without any reaction, casts some doubt on 
this assumption.  In the refinement of antipneumococcus serum or 
TABLE  IV 
Re~ti~s  ~  In~tive  Glob~in  Antibody Sol.ions  after D~iccati~  in  V~uo 
Dog  Prepa- 
ration 
52 
34 
3s 
Treatment 
Original 
Desiccated April  '30 
"  6/17/30 
Original 6/20/30 
Desiccated 
Original 
Desiccated 
Original 
Acid-globulin  fraction  of 
desiccated 
Alkaline globulin fraction 
of desiccated 
Date of 
injection 
6/14/30 
6/16/30 
6/18/30 
6/20/30 
6/21/30 
6/27/30 
6/23/30 
6/27/30 
6/28/30 
7/  2/30 
7/ 3/30 
Dose 
10 
10 
10 
10 
10 
10 
10 
10 
10 
12 
18 
Resction 
None 
Positive (chill; +2.6°F.) 
"  (  "  q.2.4OF.) 
None 
Positive (-F2.5°F.) 
None 
Positive (-p2.0°F.) 
None 
Positive (+1.9°F.) 
None 
plasma by (NH,)~SO4  the precipitate obtained with 30 per cent satu- 
ration,  containing fibrinogen along with so-called euglobulin, is dis- 
carded; still the globulin obtained by further saturating the super- 
natant fluid with (NH,)~SO4 (up to 44 per cent or 50 per cent saturation) 
is known to be chill-producing.  We have carried out the following 
experiment: fibrinogen  was precipitated  from antipnettmococcus  plasma 
by half saturation with NaC1; the precipitate was taken up with 1 per 
cent NaC1 in one-sixth the original volume.  10 cc. of this fibrinogen ALBERT  B.  SABINAND  GEORGE  B.  WALLACE  357 
solution (equivalent to the amount of fibrinogen in 60 cc. of plasma) 
was injected into dogs without any reaction.  It seems to us, therefore, 
that fibrinogen is not the causative agent; nevertheless, Kyes states 
positively that  treating  fowl  serum with  a  certain  cephalin-CaCl, 
mixture  to  remove  all  fibrinogen  renders  it  reaction-free.  It  ap- 
peared possible, however, that although the fibrinogen was not the 
causative agent, the treatment of the serum might be effective.  Dr. 
E.  Banzhaf  (14)  added the cephalin-CaCl, mixture to concentrated 
antibody solution (prepared from horse serum) without any apparent 
effect  on  its  chill-producing properties  on  patients.  We  have  re- 
peated this experiment, using a  dog as  test  animal with  a  similar 
result.  On the othe~ hand the serum of blood drawn from three dogs 
into this cephalin-CaC1, mixture failed to give any reaction, whereas 
ordinary serum from the same dogs gave a  thermal reaction.  The 
effect of cephalin and CaC12 should therefore be investigated further. 
Relation  to Lipoids.--Felton  (15)  comparing a  number of pneumo- 
coccus antibody solutions observed that the chill-producing solutions 
were associated with a  high phosphorus content, whereas non-chill- 
producing solutions had little or no appreciable amount of phosphorus. 
After  removing  from  the  total  water-insoluble  globulin  a  protein 
fraction which is  insoluble at a  salt concentration of N/20 NaNOa 
and pH 4.6-4.8 and which contains most of the lipins, as well as phos- 
phorus, the resulting solutions contained little or no chill-producing 
activity  when used  in  patients.  Felton concludes that there is an 
indication,  therefore,  "and an indication only,  that  this  untoward 
reaction is associated with a phosphorus-containing substance." 
Greenwald and Levy (16) have developed a method for preparing 
lipoid-free serums on a  large scale; by this method the lipoid-phos- 
phorus is reduced from 5.0 rag.  per 100 cc. of original to 0.5 rag. or 
less in the extracted serum.  Two serums from which the lipoids were 
thus extracted,  were  subsequently  concentrated by  the  (NH,),SO, 
method; we found that  the resulting antibody solutions were chill- 
producing (in patient and dogs)  to the same extent as the solutions 
prepared from the untreated  serum.  It appears therefore, that the 
chill reaction is not dependent on the amount of phospholipins present 
in the serum. 358  CHILL-PRODUCING  PRINCIPLE IN SERUM 
~CTIONATION ~.XPER~ENTS 
We have attempted to separate the chill principle from the antibody 
substances by chan~ng the neutral salt and hydrogen ion content in 
"antibody solutions" prepared from antipneumococcus serum by either 
the sodium sulfate or the ,mmonium sulfate method.  In the former 
the fraction insoluble in 12.5 per cent Na,SO4 was discarded, that pre- 
cipitated  at  20  per  cent  being  retained;  in  the  latter  the  fraction 
insoluble  in  30  per  cent  (NH4)2SO4 was discarded,  that  precipitated 
at 30-50 per cent retained.  The resulting  "antibody solutions"  con- 
tained  1 per cent  sodium  chloride  and  their pH was about  6.8. 
A  uniform procedure for fractionation was used throughout. 
To one volume of antibody solution,  2.3 volumes of distilled water were added, 
this reducing the sodium chloride to approximately N/20.  A voluminous precipi- 
tate invariably resulted, precipitate A.  Suflicient  acetic acid was now added to 
bring the suspension to pH 4.8-5, leaving precipitate B.  After standing for from 
2-4 hours the suspension was centrifuged.  The material thrown down was neu- 
tralized by N/10 NaOH and dissolved  in 1 per cent NaC1 to the original volume 
of the antibody solution,  which it then resembled in physical appearance.  This 
solution  was  designated  "acid-globulin fraction."  The supernatant  fluid  after 
centrifugation of precipitate B was further diluted with water to bring  the NaC1 
concentration to approximately N/80 and then adjusted to pH 6.8.  This mixture 
was left in  the  ice box overnight.  The precipitate C was collected  by centrif- 
ugation and was dissolved in 1 per cent NaC1 solution also to the original volume 
of antibody solution.  The solution was water-clear and was designated "alkaline 
globulin fraction." 
Precipitate A mentioned above as produced when the NaCI concentration  of 
the original antibody solution is reduced from 1 per cent to N/20 is not identical 
with precipitate B  which  is obtained when the further step of changing the pH 
from 6.8-5.0  is carried out.  Thus when precipitate A is removed by centrifuga- 
tion, and the supernatant fluid acidified to pH 5 a second precipitate, fraction 7, 
usually forms.  Precipitate A suspended in N/20 NaC1, partially dissolves at pH 
5.0.  Precipitate A therefore contains two fractions; fraction a insoluble  in N/20 
NaC1 at pH 6.8 but soluble at pH 5, and fraction B insoluble in N/20 NaC1 at pH 
6.8  and also at pH 5.  Precipitate B  suspended in N/20  NaCI dissolves  almost 
entirely at pH 6.8.  It contains fraction ~ of precipitate A, and also fraction 7 
which is soluble in N/20 NaC1 at pH 6.8, but insoluble at pH 5.  The acid globulin 
fraction therefore consists of fractions ~ and 7, and each of these has chill-produc- 
ing  properties.  Fraction a  on  the  other  hand reacts like the alkaline globulin 
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Chill-Producing  Properties  of  Fractions.--The  acid  and  alkaline 
globulin fractions were  compared by animal  tests with the original 
antibody solutions in  regard  to chill-producing properties.  The  re- 
suits are given in Table V.  This table shows that the acid fraction 
TABLE  V 
Relation of Globulln Fractions to Chill Production 
Method used  in  Chill  or  thermal  Preparation  obtaining  original  Fraction*  Dose 
antibody  solution  reaction 
48 
G 
38 
37 
34 
Na~SO4 
Lipoids 
extracted 
(NI-hhSO4 
Na2SO~ 
(NH~hSO~ 
Na~S04 
Original antibody 
Acid-fraction 
Antibody-globulin 
Original antibody 
Acid-fraction 
Antibody-globulin 
Original antibody 
Acid-fraction 
Antibody-globulin 
Original antibody 
Acid-fraction 
Antibody-globulln 
Original antibody 
Acid-fraction 
Antibody-globulin 
CO. 
5 
7 
10 
6 
6 
12 
18 
10 
10 
20 
10 
15 
10 
20 
10 
15 
15 
Positive 
Negative 
Positive 
Negative 
Positive 
Negative 
Positive 
~c 
Negative 
Positive 
Negative 
* Acid-fraction refers to the fraction insoluble at ~/20 NaCI concentration  and 
pH 5.0. 
Antibody-globulin refers to the fraction insoluble at zq/80 NaCI concentration 
and pH 6.8 after removal of the acid fraction. 
The volume of the various fractions is equivalent  to that of the original anti- 
body solution. 
from a  chill-producing solution gives a  positive reaction, while that 
from a non-chill-producing serum is negative in this respect.  Further 
the globulin solutions after removal of the acid fraction in each instance 
were reaction-free in the same or twice the original acting dose. 360  CHILL-PRODUCING  PRINCIPLE  IN  SEI~ 
Felton has shown that removal of the so-called acid globulin results 
in solutions which are comparatively free from chill-producing activity. 
He is in doubt, however, as to whether this result is due to the acid 
treatment  or whether the  acid globulin itself is the  chill producing 
substance.  Our experiments confirm his  and throw further light on 
the matter.  They show, for example, that while removal of the acid 
globulin fraction is responsible for the decreased chill-producing activ- 
ity of the original solution this is because the acid globulin precipitate 
carries with it in active form the chill-producing principle.  They show 
also  that the chill-producing activity of the acid globulin is not as- 
sociated  with  its  phospholipin content.  Further  the  acid  globulin 
TABLE  VI 
Relation of Globulin Fractions to Protective Action 
Preparation  Fraction  Mg. N/cc.  ProtectlVetmits/cc. ProtectiVeunits  per 
rag, N 
38 
37 
Original 
Acid-fraction 
Antibody-globulin 
Original 
Acid-fraction 
Fraction soluble at pH 5.0, insoluble at 
N/80 NaC1 at pH 6.8 and at pH 5.8 
Final supernatant 
5.1 
1.2 
1.8 
8.16 
1.74 
3.54 
2.20 
500 
50 
200-500 
800-1000 
10 
800-1000 
I00-- 
4O+ 
110-275 
IO0+ 
5+ 
225± 
2+ 
produces a reaction only when it is derived from a solution itself chill- 
producing.  It  would seem probable  then  that  the  acid  globulin is 
not itself the chill-principle but is associated with it as a  carrier or 
adsorptive agent.  An  incomplete  adsorption may  explain the  fact 
that the removal of the acid globulin does not remove all of the chill- 
producing activity. 
Antibody Content of Fraclions.--Table VI shows the data of mouse 
protection tests  and nitrogen  determinations on  antibody  solutions 
prepared by the ammonium sulfate or sodium sulfate methods and 
on the two globulin fractions isolated as previously described.  These 
determinations were made for us in the Harriman Research Laboratory ALBERT  ]3.  SA]3IN  AND  GEORGE  B.  WALLACE  361 
through the kindness of Dr.  K.  G. Falk.  Upon examination of the 
nitrogen figures, particularly those of Preparation 38, one notices that 
about 40 per cent of the nitrogen remains in the supernatant fluid to be 
discarded  after  the  final  precipitation  at  N/80  NaC1  and  pH  6.8. 
Further dilution of this supematant fluid did not produce any  ap- 
preciable precipitation; when it was acidified to pH 5.8-6.0,  however, 
a  precipitate appeared, which redissolved almost entirely at pH 5.0. 
This additional precipitate was included with the "antibody globulin" 
in  Preparation  37.  This protein,  insoluble at  N/80  NaCI  and  pH 
5.8-6.0,  was isolated  from  another  chill-producing preparation  and 
did not show any appreciable chill-producing activity. 
Our results agree with Felton's observation that the add-globulin 
fraction contains comparatively little antibody.  It is thus apparent 
that whereas the chill-producing substance is associated to a  greater 
extent with the acid-globulin fraction, the "protective antibody" is 
largely in the more alkaline globulin fraction. 
SUM~.RY 
I.  By means of a test method, which is described, the presence or 
absence of the chill-producing principle in antipneumococcus serum 
may be determined. 
2.  This principle may be present in normal blood or serum, homolo- 
gous as well as heterologous, and the measures employed to obtain an 
antibody solution are not essential factors in its formation. 
3.  The chill reaction may be mitigated by  the administration of 
nitrites and by opium and antipyretics.  It is doubtful whether this 
fact offers any practical therapeutic application. 
4.  The reaction has no relationship to  anaphylaxis or  to  certain 
toxic  effects of drawn  blood which have  been  studied by  Freund, 
Starling and others. 
5.  The chill-principle appears to be formed only in blood which has 
been allowed to stand.  Our experiments do not show that the reaction 
is dependent on formed elements, fibrinogen, or lipoids. 
6.  Anticoagulants,  filtration,  dialysis  and  moderate  heating  are 
without effect in removing the principle from the solution containing 
it. 362  CHILL-PRODUCING  PRINCIPLE  IN  SERUM 
7.  By changes in  the sodium  chloride and hydrogen ion  concen- 
tration in antibody solutions an acid globulin and an alkaline globulin 
fraction may be  obtained.  The  acid globulin fraction, whether or 
not phospholipin  is  present,  contains the  greater part of the chiU- 
principle and  a  small part  of  the antibody substance;  the alkaline 
globulin fraction contains the greater part of the antibody substance 
and a  smaller part of the chill-principle.  The acid globulin  fraction 
is not itself the chill-principle but serves as a cartier of this, probably 
• through an adsorptive process. 
REFERENCES 
1. Petersen, W. F., Protein therapy and nonspecific resistance, Macmillan Com- 
pany, 1922. 
2.  Sabin, A. B., and Wallace, G. B., Proc. Soc. Exp. Biol. and Med., 1929, 27, 198. 
3. Avery,  O. T., Chickering, H. T., Cole, Rufus,  Dochez, A. R., Acute lobar 
pneumonia, Monograph of The Rockefeller Institute for Medical Research, 
No. 7, New York, 1917. 
4.  Freund, H., Arch. exp. Path. u. Pharmakol., 1920, 86, 284; 1921, 88f39. 
5.  Starling, E. H., and Verney, E. B., Proc. Roy. Soc. London, Series  B, 1925, 97~ 
321. 
6.  Bodo, R., and Marks, H. P., Y. Physiol., 1928, 65, 48. 
7. Loucks, M. M., and Scott, F. H., Am. J. Physiol., 1929, 91, 27. 
8. Drinker, C. K., and Brittingham, H. H., Arch. Int. Med., 1919, 23, 133. 
9.  Ziusser, It., J. Exp. Med., 1911, 14, 25. 
10. Bordet, J., Compt. rend. Acad., 1924, 179, 243. 
11. Border, J., and McKinley, E. B., Compt. rend. Soc. biol., 1925, 92, 762. 
12.  Falk, K. G., Personal communication. 
13.  Kyes, P., and Carey, E. S., J. Immunol.,  1927, 14~ 123. 
14. Banzhaf, E. J., Personal communication. 
15. Felton, L. D., Y. Infect. Dis., 1928, 42, 256. 
16.  Greenwald, I., and Levy, I., J. Biol. Chem., 1930, 87, 281. 